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It is probable that the '00 C&V accelerator will be used 

for many experiments in the electromagnetic interaction of 

hadrons . The parasitic beams will be adequate and no syn- 

chrotron of comparable energy is being planned. some of 

these experiments will be performed with electron (or ta,c;ged 

gamma ray) beams. !?hese will be discussed elsewhere. !:u t 

others are well done with muons and these ar? the experiments 

which can help to .justifg a muon beam. 

Previous experiments of this sort involving muons are 

liriii.ted to two, bot!i spark chamber experiment:; and both sti~ll 

bein;; analyzed; the one by I',n~;els et. al. at the A3S and the 

other by Per1 et. al.- at TLAC. !.Ie note at once, the muon beam 

available at Weston will he superior to either of these; an 

SO GeV v-beam lO'/sec with a good duty cycle seems practi~cal. 

Thus, anythinc~; that !In,yels and Per1 can do, we can do better. 

We now outline those numbers that are worth obtaininy 

in a "nuick" survey--before the fully en;;ineered u-beam is 

available. Maybe 10 5 u per second are available. Two ex- 

Derinents--perforrneti simultaneously--are well worthwhile. 

1) Total cross section for interactions of the virtual 
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photons (almost real) with protons and neutrons. This we 

mensure , as in Eigel's AG:; experiment by measuri~n:: the in- 

cident and scat&*red muon momenta, integrating over scattered 

directions and correctin,? for p-bremsstrahlung and ue 

scattering. ('These last two may be interesting for other 

reasons and mi!:ht be measured simultaneously or consecutively.) 

'The total cross section is as interestink; as the TP, 'KP, 

etc., total cross sect?ons. We expect a Pomeranchuk theorem 

to be obeyed but at the present moment, even v:Jth this ap- 

proximation, estl.mates of the yP cross section at 80 ReV 

vary from 20 pb to 100 ub. ?lkasurerncnts in progress (Zngels 

et. al., HYL and SLAC) will narrow this, hut It remains an 

interesting number :~~hich can easily be measured !aith the II- 

beam of intensity as low as 1g4/sec. 

2) Production of p mesons by 80 T3eV virtual photons. 

This is also a test of asymptopia combined with vector meson 

dominance. I?oughSy , half the total yP cross sect-i~o:: is ex- 

pected to he rho production; the s <and t dependence near 80 

?eV is of interest for ally the models we no'h' have. This, 

beini-; dominant, is easily measured. 

Xow we pass to the type of facility towards which T.nle 

should aim for a final muon beam in order that it can measure 

electromagnetic interactions well. Some of the experiments 

here may be advanced to the first ,yroup. T here refer to a 

memo by Il. Wang and R. Wilson in "200 BeV Experimental Use" 

(VOl 3). In this IAre showed that muons have consl.derable ad- 

vantages over electrons for producing beams of tagged (virtual) 
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photons. The advantage is easily stated--there are not SO 

mang low energy y-rays and electrons around, produced by 

processes of momentum transfer - mc. In some experiments 
2 

this advantage can be a factor (mu/m,) . A further advantage 

may arise from the fact that muons from pion dec?y are polar- 

ized (spin along the direction of motion) and the virtual 

photons are therefore circularly polarized. In a pager being 

circulated by Dr. N. Dombey, some features of this are dis- 

cussed. 

I will outline, Lelow, the design of a muon inelastic 

scattering facility; I specifically say facility because I 

believe it c-in do many experiments. The main idea is to 

measure each incid~ent and scattered muon and assign a virtual 

photon energy from the difference. If possible the resolu- 

tion should be 200 MeV - 0.35 in incident energy - so that 

the number of neutral pions emitted in a reaction may be 

determined. However, many interesting experiments can be 

performed with a lesser resolution. 

It should probably be possible to work with 106 mu 

mesons per second on a 1 meter liquid hydrogen target. Above 

this rate, complicated multiple channeling is necessary. Then 

we expect about 20 nuclear interactions per second. 'P3e s e 

should all be interesting events! Now the main back,<round 

events are mu electron scattering (a process which we might, 

for other purposes, call interestinK:). It is useful to he 

able to pick up essentially all the scattered muons from l/10 
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full energy to the 0.9 of the full energy. In the Xngel's 

experiment, muons which had lost no energy were excluded to 

reduce tile rate from pe scattering. In a lar;Se facility this 

removal could be done by a coplanarity requirement--measure- 

ment of transverse momentum. 'This was not done by Engels for 

2 reasons. (1) it was a lot of work and (2) optical spar!2 

chambers were used with a practical limit of one per beam 

pulse. !i'his requirement would preferably be b,efore any 

triggerins; i,.e., by counter hodoscope. 

Any event where the muon has lost energ:y and is not a 

kle scatter at small angles or a bremsstrahlun:: event con- 

stitutes a trigger. This is the facility. By itself, the 

facility automatically measures the yP cross section previously 

discussed. I 1411 outli.ne its further genernl use. 

A series of trire spark chambers, three before a magrnet 

and three after, will measure the angle and energy of recoil 

protons. ':hese will escape from the target if the energy is 

^;reater than 50 XeV. Photoproduction of vector mesons pro- 

ceeds as exp(-10 t) and t = 0.1 gives 50 XeV recoil protons. 

We will thus miss the for:~:artl direction. 

!l'he measurement of angle and momentum gives the missing 

ma:ss and direction of x0 in y + P -+ P + x0 where y is a 

virtual gamma ray and )1,' is any neutral ob,ject. 'The resolu- 

tion in the mass of x0 will be limited by multiple scattering: 

of the protons to about 40 Rev, but *Toad measures o,f photo- 

production of p, w, and @ can be made. ?Je note here that in 



-5- FM-193 
2024 

a search for the weaker of these--the $--there can be a con- 

fusin:; background from coincident detection of a recoil pro- 

ton and inelastically scattered muon from two independent, 

more dominant, events. Such chance coincidences can be re- 

moved by observing all inelastically scattered muons which is 

not possible with Eneel's apparatus. 

It is easy in this arrangement to pick up the decay 

products of the decaying x0; there will not be, as in the 

electron case, a huge background of low eneqg electrons and 

pamma rays. > ,'oreover , the use of high energy virtual photons 

frill cause the decay products to peak forwards. 'j!e can then 

pick up these decay products and exami~ne them. 

An arrangement for picking up the neutral products is 

particularly easy (see figure). 

The search for neutral particles detection will be by 

their showers. If we want to detect charged particles and 

measure their momentum, we will mix uo the 11 detection and 

the charged particle detection. 3esign worY/ must be done for 

this. 

'Two technical advances can be used with advantage with 

this facility. Yirst, the development of large total absorp- 

ti~on shower counters with a few percent resolution at 10 

HeV by Hofstadtar and others. ':o ~$0 from 10 ?eV to 160 HeV 

in shower detectors one only needs to Increase the detector 

size four radiation lengths--4" of sodium iodide. T?his may be 

particularly useful for brernsstrahlung which is not the main 

subject of this memo. 
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Second, polari.zed tare;cts: The muons are polarized~; in 

the first Born approximation this is uninteresting unless the 

target is polarized also. The tary;et should be nolnrized 

in the plane of scattering--and u s;ally along the direction of 

motion. This needs a cryogenic magnet for the tnrqet to enable 

beam access to be in the right direction. 5. V. Pound at Har- 

vard has such a target of ethyl alcohol and water which po- 

larizes the hydrogen to 25;:. 

Development is continuing of a brute force polarized 

solid hydrogen taqet. If present tests on ortho/para hydrogen 

conversion at low energies are successful, we expect to be 

constructing a large polarized target in 'FY '70. k!!c exoect 

10 to 15% polarization in a 150 kG field at 0.1' K. 

Similar advantages accrue to inelastic scatterin, ex- 

periments. Thus, we ca.n measure, b,y the type of total cross 

section measurement noted at the start of this memo, the cross 

section for spins parall.el ,?nd antiparallel. This is related 

to the spin dependent term f2(v) in photon Compton scattering 

by the Well-Hearn-Garazimov sum rule. :It is clearly an in- 

teresting quantity. Sut we can also do thl. 's for all the 

partial cross sections CI production etc., and this proba111y 

becomes a sensitive test of Asymptropia. 
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